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TlTLE Executwe Summary 

EXECUTIVE SUMMARY 

The Rocky Flats Plant (RFP) is located m northern Jefferson County, Colorado, 
apprownately 16 d e s  northwest of downtown Denver The Plant buddmgs are located 
wthm an area of apprownately 400 acres, known as the RFP secunty area. The s e m t y  
area is surrounded by a buffer zone of approxmately 6,150 acres 

In the past, both storage and Qsposal of hazardous and rdoactwe wastes occurred at 
on-site locabons P r e h a r y  assessments conducted under Phase I of the 
Enwonmental Restoration (ER) Program i d e n ~ e d  some of the past on-site storage and 
dlsposal locations as potential sources of enwonmental contamnabon 

' 0  

The Department of Energy (DOE) wshes to pursue an m t e m  remedial action for 
surface water at the 903 Pad, Mound, and East Trenches Area, now termed Operable 
Umt No 2 (OU2), at the RF'P An Intenm Measure/Intenm Remedial Action 
(IM/IRA) Plan has been prepared to identify, screen, and evaluate appropnate mtenm 
remedial action alternatives, and select the preferred mtenm remedial action for the 
contammated surface water The purpose of th~s project 1s to provlde technxcal support 
to the IM/IRA m the form of bench-scale treatabhty tests 

The OU2 Treatabhty Study Plan (EG&G 199Oa), dated October 16,1990, identrfied SIX 
mdivldual bench-scale tests that were to be performed 

ES- 1 
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l k s  report is o r g m e d  mto SIX volumes Volume I contams the report on the 
treatabhty testmg conducted Volume II contam the data reports from the radionuchde 

0 Granular actmated carbon (GAC) for removal of volatde orgamc 

0 

0 

0 

0 

compounds 
GAC for removal of rahonuchdes 
Ion exchange for removal of radionuchdes 
Adsorbents for removal of radionuchdes 
Chemcal coagulation/mcrofiltration for removal of radionuchdes 
CoagulaQon/preapitaQon/fltrauon for removal of suspended sohds 

Due to the unavdabhty of radionuchde-contammated surface waters at the site, only 
the GAC tests for removal of volatde orgamc compounds and coagulation/ 
preapitabon/filtration tests for removal of suspended sohds were performed Th~s 
document reports on the results of those tests a 
The evaluauon of GAC treatment for removal of volatde orgamc compounds was 
hampered by the low levels of volatde orgamc compounds (VOCs) present m the surface 
water tested and the b t e d  volumes treated m the bench-scale GAC columns GAC 
was effective m removmg 100 percent of the VOCs present m the surface water tested 
The thrd round of tests prowded mformabon on the breakthrough behawor However, 
the conclusions regardmg breakthrough capaaty are uncertam due to the test conditions 

The evaluauon of coagulabon/preapitatlon/filtrabon for removal of suspended sohds 
was hampered by the low levels of suspended sohds present m the surface water tested 
The coagulants ferrous sulfate and a l m u m  sulfate were not as effectwe as femc 
sulfate and femc chlonde, and pH adjustment did not mprove performance Fdtration 
wthout addition of coagulants was as effective as filtrabon after coagulant addmon. 

22.558lR7Bs oE18-9uRpT12 ES-2 
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analyses Volumes IV and V contam the data reports from the metals analyses Volume 
VI contam the data reports from the volatde orgamc compound analyses 
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1.0 
INTRODUCTION 

Th~s  report presents the results of the bench-scale treatabhty study for surface waters 
at Operable Urut No 2 (OU2) at the Rocky Flats Plant The purpose of thu project was 
to provlde techcal  support 111 the form of bench-scale treatabhty tests to the RFP 
Enwonmental Restoration Program. These tests were mtended to support the Surface 
Water Intern Measure/Intern RemeQal Amon (IM/IRA) 

A plan for the test program entitled Treatabhty Study Plan, 903 Pad, Mound, and East 
Trench Area, Operable Urut Number 2 was lssued on October 16, 1990 Tlus 
Treatabhty Study Plan (TSP) defined a program of treatabhty tests for remomg 
volatlle orgamc compounds, suspended sohds, and radionuchdes from surface waters 
wthm OU2 The plan mcluded testmg of granular actwated carbon for removal of 
volatlle orgamc compounds and radionuclides, preapitabon and filtration for removal 
of radionuchdes and suspended sohds, ion exchange for removal of radonuchdes, and 
adsorbents for removal of radionuchdes 

The treatabhty study program was conducted 111 November and December, 1990 
Considerable dficulties were encountered d u n g  the field samphg program 111 
obtaumg sufficient volumes of surface water from the samphg locations speclfied m the 
TSP In addition, the levels of rahonuchdes 111 the surface water collected were too low 
to conduct the tests for radionuchde removal The tests for removal of volatde orgamc 

2255UR7 1 05-1&92lRPTl2 1-1 
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compounds usmg granular achvated carbon and suspended sohds removal usmg 
coagulation/preapitation and filtration were completed 

Treatabhty tests mvolvmg radlonuchdes were planned to be re-mQated m the spmg of 
1991, when surface water would be more avdable It turned out, however, that 
suffment supphes of radonuchde-contammated surface water were stdl not avadable 
Additionally, by that tune, design of the full sue surface water treatment system was 
bemg finahzed Smce the results from the treatabhty study tests would not be avdable 
m bme to support the design effort, emphasis was sMed  to the field-scale treatabihty 
tests, and the bench-scale tests for radionuchde removal were not completed for this 
report 
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TlTLE Treatabhty Test Program Obectmes 

2.0 
TREATABILITY TEST PROGRAM OBJECTIVES 

The treatabllty program defined m the TSP mcluded the followmg tests 

e 

e 

e 

e 

e 

e 

GAC for removal of volat.de orgmc compounds 
GAC for removal of radionuchdes 
Ion exchange for removal of radionucldes 
Adsorbents for removal of radionucldes 
Chemcal coagulaoon/mcrofiltration for removal of radionuchdes 
Coagulation/preapitation/filtraoon for removal of suspended sohds 

As stated prewously, no tests for removmg radionuchdes were performed due to the low 
levels of ra&onuchdes measured m the surface water collected for testmg The followmg 
tests were performed 

e 

e 

GAC for removal of volat.de orgmc compounds 
Coagulabon/preapitation/filtration for removal of suspended sohds 

The objemve of the GAC treatabllty test was to evaluate the removal effiaenaes of 
vmow types of GAC far the treatment of orgmc contammants m the surface water at 
the RFP The orgmcs of mterest mclude m y 1  chlonde, methylene chlonde, 1,l- 
dichloroethene, 1,l-dichloroethane, 1,2-dichloroethene (total), carbon tetrachlonde, 
tnchloroethene, and tetrachloroethane 
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The pnmary objective of the coagulabon/preaprtatron/f?ltrabon test was to d e t e r n e  
the most effective coagulant and its correspondmg optmum dosage and operatmg pH 
The effectiveness of filtration for further reduction of suspended sohds was also 
evaluated 
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3.0 
FIELD SAMPLING PROGRAM 

The followmg subsechons reference the Samphg and Analysis Plan (SAP), whch IS 
Appendlx B to the TSP, and the Field Samphg Plan (FSP) and the Laboratory Analysis 
Plan (LAP), whch are Appendures B-1 and B-2, respectively, to the TSP Surface water 
samples were collected for use m the treatab&ty tests The samphg was performed m 
accordance wth the SAP and Rocky Flats Standard Operatmg Procedures (SOP) The 
SAP was wntten specifically for thu program and mcluded al l  field and laboratory 
studies An FSP was prepared to p d e  field water sample colleaon efforts The FSP 
set forth p d e h e s  to evaluate site-speclfic condioons, meteorologc and hydrologrc 
charactensacs and contamlnant htnbuhon data m order to obtam water samples that 
could be used for treatab&ty testmg The followmg subsecttons dlscuss constituents 
proposed for analysis, the number and volume of samples that were to be taken, 
proposed samphg locabons, proposed samphg dates, and denations from the FSP 

3.1 LOCATIONS SAMPLED 

Figure 3-1 dustrates the proposed locat~ons of the samplmg sites, as designated in 
Figure B-1-1 of the FSP The proposed sites mcluded the followmg 

SW-50 
sw-51 

sw-55 
sw-57 

3-1 

SW-61 
SW-63 
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SW-52 
sw-53 

~~ 

SW-58 
sw-59 

SW-64 
sw-77 

Detads concemg the locahons of the proposed samphg sites relative to the 903 Pad, 
Mound, and East Trenches Areas of Operable Umt No 2 are provlded m Subsection 1 1 
of the FSP and m Section 3 4 of th~s report 

The objemve of the field samphg program was to obtam water samples that were to 
be used rn assessmg the performance of vanous treatment alternatives A pnmary 
reqwement for water samples used m the treatabhty study was that the samples contam 
contaminant concentrahons whch were wthm the average to hgh range of 
concentrations hutoncally ehbited at the site Th requement and the hydrogeologc 
factors whch h t e d  the number of sites avdable for samphg dunng the samphg 
penod were the pnmary factors whch deterrmned sample locaQon selection and 
samphg procedures However, fire safety restnctions prevented samphg at site SW-53 
on November 29, 1990 and December 5, 1990 No vehcle traffic was pemtted m the 
buffer zone area on these dates because of dry conditions, whch produced a high fire 
nsk 

a 

3.2 SAMPLE COLLECTION METHODS 

Sample collechon methods were descnbed m Section 3 4  of the FSP The preme 
volumes of water taken from a gwen site on a gven date depended on the flow 
conditions at the tune of the samphg event Dependmg upon the number of sites 
c o n t m g  water at the tune of the samphg, apprownately equal volumes were to be 
collected at each site, If each site produced suffiaent water to p e m t  thu 
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In the FSP, the water samples were to be placed m polyethylene carboys of 
apprownately 5 gallons capaaty each Due to the handhng ease and unproved coohg 
ablllty to be gamed by usmg 1-gallon polyethylene bottles and 4-hter contamers, these 
contamers were substituted for the carboys Also, m order to mlnlmlze volathzation of 
volatlle orgamc compounds (VOCs), one-hter glass contamers wth hds fitted wth septa 
were used to collect samples to be used m VOC treatabhty tests No chermcal 
preservatives were used m the treatabdity samples The samples were cooled as 
descnbed m Rocky Flats Plant Surface Water Data Collechon Program Standard 
Operatmg Procedure No 3, Sample Contamers, Preservaoon, Handhg, Packagmg, and 
Shppmg The surface water samples were not composited m the field 

Samphng achwties were performed and documented m accordance wth the followmg 
Rocky Flats Plant Surface Water Data Collechon Program Standard Operatmg 
Procedures 

0 SOP No 2 Sample Control and Documentation 
0 SOP No 4 General Eqwpment Decontammaoon 
0 SOP No 5 Level D Personnel Decontamlnation 
0 SOP No 9 Waste Management 
0 SOP No 13 Cham of Custody Procedures 
0 SOP No 14 Logbook Protocol 

Pnor to the scheduled samphg event, extstmg hydrologc conditions were assessed to 
deterrrune the presence of water avdable for samphg at the samphg locat~ons Based 
on ths mformation, the greatest volumes of water were to be collected from sites 
producing the hghest discharge of water 
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3.2.1 Sampling Events, Dates, and Quantities 

Four weekly samphg events were anbapated The events were scheduled to occur on 
or about the dates hsted m Seaon 5 0 of the TSP Quanbties proposed to be collected 
are also h ted  m Semon 5 0 of the TSP As desmbed m Semon 3 4 of the FSP, 
appromately 250 gallons of water samples were to be obtamed for use m the 
treatabhty studies The volumes to be obtamed each week for use m the treatabhty 
tests vaned, dependmg upon the types of tests berng performed d m g  a gwen week 
Table B-1-1 of the TSP hts the appromate volumes of surface water requred for use 
m the treatabllrty tests The volumes of water h ted  m Table B-1-1 would mclude 
suffiaent sample to provlde (1) sample for the charactemation of source matenal, as 
discussed m the TSP, Appendlx B, Semon 2 0, (2) samples for treatabhty tests, as hsted 
m Table B-1-1, and (3) suffiaent residual for testmg of end products 

3.3 DEVIATIONS FROM ORIGINAL FIELD SAMPLING PLAN 

The IM/IRA Plan (IM/IRAP document), September, 1990 descnbes the suspected 
contamlnant sources m OU2 Semon 2 5  of the TSP detads the contarmnant 
distnbubon. Surface water contarmnant dlstnbution is desmbed in Semon 2.5 2 of the 
TSP Section 2 5 2 of the TSP presents five tables from the IM/IR4P document to lrst 
chemcal-speclfic ARARs and flow-weighted m m u m  concentraaons of the 
contaminants of concern. Table 2-5 of the TSP presents flow-weighted maxlIzlllIzl 

concentrabons at vanous groups of stations The data presented m the table mclude the 
average and maxunum concentrations at the group of stabons, the estimated flow at the 
group of stations based on wet season flow measurement, the flow-weighted average 
concentrabon, and the flow-weighted maxunum concentrafions Flow-weighted averagmg 
is mtended to define the probable lnnuent average and ~llsuumum concentrations for 
these constituents for the IM/IRA treatment system. Therefore, when selectmg sites for 
samphg d w g  the field activmes, the data m Table 2-5 were used to select sites 

22551yR7 3 05-18-9URpT12 3-5 
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contalnlng the average to maxmum concentrations found m the surface water locabons 
The data contamed m the TSP were used to deterrmne whch of the surface water sites 
contalnlng water at the tme of the scheduled samphg event possessed the m m u m  
hstonc concentrabons of VOCs and/or radionuchdes The samphg effort concentrated 
on collectmg as much water as was possible from such sites 

The IM/IRAP document contams water quahty data for samples obtamed from several 
surface water locations downslope to the southeast of the 903 Pad The surface water 
stabons descnbed m the IM/IRAP document whch, d flowmg, would be sampled under 
the treatabhty test program were SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, and 
SW-77 In addition to these stabons, samples for treatabhty testmg purposes would also 
be taken from the followmg stations SW-53, SW-63, and SW-64, d flowmg a 
Station SW-50 is closest to the 903 Pad, and SW-57 and SW-52 are south of SW-50 
SW-51 and SW-58 are located in a ditch along the road east of SW-50, however, 
overland flow from SW-50, SW-52, and SW-57 may also enter the ditch Water m the 
ditch passes under the road south of these locabons through a culvert The &charge 
of the culvert is SW-55 SW-77 is another surface water locabon on the east side of the 
road, mediately northeast of SW-55 The I M / W  document notes that SW-51, SW- 
58, and SW-55 are physically connected and they hkely receive flow from SW-50, SW-52, 
and SW-57 Farther downgra&ent stabons mclude surface water locations at SW-53, 
SW-63, and SW-64 

Surface water stations associated wth Upper South Walnut Creek whch were to be 
sampled dunng thls program mclude SW-59 and SW-61 The flow m South Walnut 
Creek upstream of Pond B-4 is p m a d y  the combmed flow from the discharge of 
culverts and a sprmg (SW-59) located at the base of the lull to the south and 
downstream of the culverts SW-61 is located at the confluence, provldmg a polnt for 

, 

e samphg combmed flow 

22558fR7 3 05-18-92/RPTM 3-6 
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As noted 111 Seaon 2 5 2 1 of the TSP, data for surface water locations 111 the vlcllllfy of 
the 903 Pad L p  Site indicate that tnchloroethene (TCE) 1s occasionally present at SW- 
53, and low concentranons of TCE occur at SW-63 (e0 020 pg/L) and at SW-64 Data 
for stations SW-59 and SW-61 mdlcate the presence of TCE m concentraQons m excess 
of 200 pg/L 

As also noted 111 Seaon 2 5 2 1 of the TSP, surface water locanons 111 the vlcmty of the 
903 Pad LIP Site, parhcularly SW-50 and SW-53, contamed detectable plutomurn and/or 
amenaum dunng one event m 1989, wth two such events for SW-53 The samples 
contamed substantial suspended sohds and were not filtered at the tune of collection 
Surface soils m the vlwty of the surface water locations are contammated with 
radionuchdes Further, total radiochemstry mdicated notable hgher plutomum and 
amenaum concentrations 111 unfiltered samples than m filtered samples, whch the 
IM/IR4P document mterprets to mean that most of the rahonuchdes are present m a 
particulate form 

The TSP reported that analytical results for a sampllng program wluch mvolved 
collection and mcremental filtrahon of samples obtamed at the 903 Pad LIP Area 
appeared to support the hypothesis that plutomum and amenam were pnmardy 
assoaated wth particles m excess of 045 pm m slze These data mQcated that the 
lughest concentrations of total radionuchdes were found m water samples obtamed from 
SW-53, SW-55, SW-58, and SW-77 None of these sites were expected to contam water 
for sampllng purposes dunng the months of October or November, however, site SW-53 
contamed small amounts of water m November 

A pnmary reqlurement for surface water samples to be used 111 the treatabhty study was 
that the samples contam contammant concentranons wthm the average to hgh range 
of concentrations hstoncally exhlbited at the site The hydrologc factors assoaated wth 
the site affected samphg activlties by hutmg the number of sites contamng water at 

2 2 5 5 ~ 1 ~ 7 3  m - i a m n  3-7 
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the tune of scheduled samplmg events Sites were presurveyed for the presence of water 
avadable at the site for samplmg pnor to the samplmg dates 

Table 3-1 presents the status of the surface water stations as surveyed pnor to the 
samplmg events With the exceptions of sites SW-53, SW-55, SW-59, SW-61 and SW-64, 
the sites were dry for the duration of the samplmg and treatabhty testmg efforts Of 
these sites, SW-53 and SW-59 were selected as best representmg the water quahty and 
source areas needed for treatabhty testmg, therefore, sites SW-53 and SW-59 were used 
to obtam samples SW-53 (903 L p  Area), located m a zone of amenuum contammation 
was a small hole c o n t m g  extremely turbid water, but it was possible to obtam small 
amounts for the treatab&ty tests on removal of TSS Due to the water quahty 
considerahom and flow avadabfity restnchons dlscussed above, only sites SW-53 and 
SW-59 were used to obtam samples for use m treatabhty testmg 

0 

Table 3-2 h t s  the dates on whch samples were collected, the sample collemon site used 
for o b t m g  the samples, the total volume of the samples, sample contamers used, and 
the dates on whch the samples amved at the treatabhty laboratory As prevlously 
noted, glass bottles, one-gallon polyethylene bottles, and 4-her polyethylene cubitamers 
were substituted for the large, polyethylene carboys onpally proposed as sample 
contamers m the FSP To mlnlmtze the loss of volatdes dunng the W g  of sample 
contamers, 1-her glass bottles were substituted for the large, polyethylene carboys 
dlscussed m Subsemon 3 2 The bottle caps were fitted wth a septum to p e m t  the 
bottle to be filled wth no headspace For ease of handhg, samples collected for use 
m total suspended sohds treatabhty tests were collected mto 4-hter cubitamers, rather 
than the polyethylene carboys Some samples were also collected m 1-gallon 
polyethylene bottles 
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3.4 CHEMICAL CHARACTERIZATION OF SAMPLES 

The consbtuents analyzed are discussed m Appendur A-2 of the TSP, the Laboratory 
Samphg Plan, Section 2 1, Laboratones and Analytes 

3.4.1 Radiation Screening 

Samples collected m the field requred radiation screening before they could be shpped 
offsite from RFP to the laboratory T ~ I S  process requred from one to two days The 
samples were hand-dehvered to the 881 Lab at RFP by the field samphg team, and 
were kept cool whde at the 881 Lab and dunng shpment to the treatabhty test 
laboratory AdQtional gross alpha/beta screemng of some field water samples was 
performed at the treatabfity test laboratory usmg alpha-beta countmg methods 

3.4.2 Analysis for VOCs, Metals, Radionuclides 

The composited water samples from the field were charactenzed before theu use m the 
treatabAty tests The samples were analyzed for the volatdes sute, metals sute, 
radionuchde smte, and water quahty parameters hsted m Tables B-2-2 and B-2-3 of 
Appendur B-2 to the TSP 

Analytical results for composited water charactemahon (CWC) samples are contamed 
m &bit A. The laboratory data reports for these analyses are contamed m Volumes II 
through VI of this report 

3.4.3 Data Validation 

The data were evaluated at the levels specified m Secbon 3 4 of Appendur C of the 
Treatabhty Study Plan 111 accordance wth the gwdehes stated m EG&G Data 
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Vahdation Funmonal Gudehes  (EG&G 199Ob) Ths mcluded a renew of the 
analyt~cal laboratory data package for completeness and acceptabhty of the mformation 
hsted 111 Table C-3 of Appendur C of the TSP The cham of custody, holdmg tunes, 
results of method blanks, laboratory control samples, and other laboratory quahty control 
(QC) samples, results of cahbration, and results of QC samples subnutted from the 
bench scale treatabhty stuQes were renewed 

The overall data quahty was considered excellent, wth very few sample results r e q m g  
quahficabon The thalhum results 111 several samples and the Eon result m one sample 
were flagged as estnnated, m e m g  that the letter "J" appears to the nght of the 
analytical result to lndicate that the value is estlmated due to poor rnatflx spdce recovery 
AH data results were vahd so that completeness was 100 percent 

3-10 



TABLE 3-1 

CHRONOLOGY OF FIELD SAMPLING 

Surface 
Survey Water 
Date StaQon 

Con&tions/ 
Observations 

9/19/90 SW-61 Sampled for site-wde surface water program 
Apprownately 18 8 hters collected on 9/19/90 

9/20/90 sw-77 Dry 
9/20/90 sw-50 Dry 

sw-5 1 Dry 
SW-52 Dry 
sw-53 Dry 
sw-55 Dry 
sw-57 Dry 
SW-58 Dry 

9/25/90 sw-59 Sampled for surface water momtonng site-wde 
program Apprownately 18 8 hters collected on 
9/25/90 

11/6/90 sw-59 Collected 47 hters for Treatabhty Testmg 

11/12/90 sw-59 Collected 57 hters for treatabhty testmg 
Collected 19 hters for treatabhty testmg sw-53 

11/19/92 sw-50 Dry 
sw-5 1 Dry 
SW-52 Dry 
sw-53 

sw-55 

Contam apprownately 12 hters of very sdty 
water 
No apparent flow, contam approxunately 1 hter 
of s t a n b g  water 

sw-57 Dry 

sw-58 Dry 
sw-59 
SW-61 Flow apprownately 10 hters/rmnute 

SW-63 Dry 

Flow less than 1 hter/rmnute 
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TABLE 3-1 

(Concluded) 
~ ~~ 

Surface 
Survey Water Con&bons/ 
Date Station Observabons 

11/19/92 SW-64 Site 1s a depression resemblmg a large tne rut, 
contams 2 to 3 gallons of water, whch may be 
either surface runoff or snowmelt 

sw-77 Dry 
11/26/90 sw-59 Collected 111 hters for treatab&ty testmg 
12/5/90 sw-59 Collected 80 hters for treatabihty testmg 
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TABLE 3 3  

SURFACE WATER SAMPLING DATES, COLLECTION 
SITES, VOLUMES, AND CONTAINERS 

Date Samples Collecbon Sample Contamer Type and Number Date Samples 
Were Collected Site Volume of Contamers Amved at the 

Lab 

11/6/90 sw-59 '47 hters 1-hter glass bottles/47 11/8/90 

11/12/90 sw-59 "57 hters 1-gallon polyethylene 11/14/90 

11/12/90 sw-53 19 hters 1-gallon polyethylene 11/14/90 

11/26/90 sw-59 '51 kters 1-hter glass bottles/51 11/27/90 

11/26/90 sw-59 "60 hters Chter cubitamers/l5 11/27/90 

12/5/90 sw-59 80 hters Chter cubitamerd20 12/6/90 

bottles/l5 

bottles/5 

Used for VOA treatabhty tests 
Used for suspended sohds treatabhty tests .. 
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TlTLE Bench Test Program 

Approved By. 

E?== 
4.0 

BENCH TEST PROGRAM 

4.1 COAGULATION/PRECIPITATION/FILTRA"ION TESTS 

4.1.1 Objective 

As stated m the TSP these tests were to evaluate the method to remove suspended sohds 
from OU2 surface water Removal of suspended sohds was considered essential to 
prevent foulrng or pluggmg of subsequent treatment operabons m the OU2 IRA. The 
objective of these tests was to evaluate the effectweness of vanous coagulants for 
rernowng suspended sohds from OU2 surface waters Optmum dosages and operatmg 
pH levels were also evaluated The benefits of usmg a polymer as a coagulant were also 
mvestigated Fmally, the effectiveness of filtrabon for further reductlon of suspended 
sohds was studied The evaluabon of suspended sohds removal was the only objective 
of these tests A separate test program to evaluate coagulation/filtrahon for 
radionuchde removal was mcluded m the TSP These tests were not conducted because 
of low radlonuchde levels m the surface water samples, as ducussed prevlously 

The tests were conducted m three rounds The first round of tests was to screen the 
coagulants to estabhsh those whch were most effectwe and to deterrmne the optmum 
dosages and pH values The second round of tests promded further evaluabon of these 
vanables and also mcluded testmg of polymer coagulants The thud round of testmg 
added filtration tests 
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4.1.2 Test Method and Equipment 

Coag’dabon/preapitabon was evaluated usmg jar tests A muhple jar testmg apparatus 
wth paddle stmers was used One-hter samples were used dunng the first two rounds 
of tests, and five-hter samples were used for the thnd round 

The first step m the jar test procedure was adjustment of the pH as necessary vvlth the 
addition of hydrochlonc aad or soQum hydroxlde Sufficlent reagent was added to 
acheve the target pH, the amount added was not recorded The coagulants were added 
to each jar at the deslred dosage and the soluuon was rapidly rmxed for one m u t e  
The soluuon was than rmxed at slow speed for 20 m u t e s  Then the sohds were allowed 
to settle for 15 m u t e s  The nature and setthg rate of the suspended sohds were 
recorded After the sohd setthg penod, a sample of the supernatant water above the 
settled sohds was collected for analyses The supernatant sample was only analyzed for 
total suspended sohds (TSS) content for rounds one and two The supernatant sample 
was also analyzed for metals and water quahty parameters for round three The final 
temperature and pH were recorded for each jar test A sample of the d e t  water pnor 
to pH adjustment or coagulant adQbon was analyzed for the same parameters as the jar 

test samples to estabhsh base condiuons pnor to treatment 

The thud round of testmg mcluded filtrahon of the jar test hqud followmg setthg of 
suspended sohds The supernatant was decanted from the jar and filtered through a 
sand filter Fdter testmg was done usmg a 1-mch Qameter glass column filled wth 2 
feet of filter sand A feed tank and penstaltx pump were used to pump the water 
through the columns The rate of flud flow through the column and the tune reqmred 
to filter the volume of supernatant was recorded A sample of the filtrate was analyzed 
for TSS, water quahty parameters, and metals 
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Detads of the test apparatus and procedures are gven m the Treatabhty Study Work 
Plan, whch is Appendlx A of the TSP 

4.13 Test Runs 

Three rounds of testmg were conducted The results from prevlous test rounds were 
used to select test parameters for subsequent rounds 

4.13.1 Round 1 Testing 

The first round of testmg mcluded testmg of all five coagulants selected m the TSP 
These coagulants were tested at vanable dosages and pH levels The objective of this 
round was to screen the coagulants to select the most effective for further testmg and 
to estabhsh the optmum dosages and pH levels 

The followmg coagulants were tested 

e Alumum sulfate 
e Ferrous sulfate 
e Fernc sulfate 
0 Fernc chlonde 

Each of these coagulants was tested at the followmg dosages and pH levels 

e 

e 

15 mg/L and 25 mg/L 
pH 6, 8, 10, and 11 

The expenments were conducted usmg surface water collected from location SW-59 on 
November 12, 1990 The mt~al charactemanon of ths  water has been discussed m 

225SIvR14 05-lb9ZlRPl'l2 4-3 
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Section 3 and the results of the analyses are presented m W b i t  k A sample of ths  
water was taken for gross alpha and beta radloactiwty screexung on November 14 
(sample number 02CWC1001) and the results are presented m Table A-5 A sample of 
ths water was taken on November 20,1990 (sample number 02CWC1003) and analyzed 
for water quahty parameters, metals, volatde orgamc compounds, and radionuchdes 
The results are presented m Tables A-1 through A-4 

Table B-1 111 W b i t  B presents the results for the Round 1 tests Th~s  table mcludes 
data on the test condltions, TSS analyses, and vlsual observatlons of floc formabon and 
setthg rates The Round 1 tests were conducted between November 21 and November 
27, 1990 Inlet samples of the water before treatment were collected and analyzed for 
TSS on November 21 and November 27 and the results reported were 11 mg/L and 
e 5 mg/L (detemon h t ) ,  respemvely Analysls for TSS was the only chemcal analysis 
conducted for the Round 1 jar tests consistent wlth the TSP The laboratory data 
reports for the TSS analyses are mcluded L I ~  Volume IJJ of thls report 

@ 

The conclusions drawn from the Round 1 tests were pnmanly based on the wsual 
observations of the quantity and charactenstics of the suspended sohd floc whch formed 
and the rate of sohds setthg The low levels of TSS reported 111 the untreated water 
and the low levels measured m most of the jar test samples made it chfficult to base 
judgement of coagulant performance on these analyses The objectwe of the tests was 
to detenntne optmum condltlons for removal of suspended sohds from the untreated 
water The levels of suspended sohds m the untreated water were so low that treatment 
m many cases produced httle or no redumon and m some cases maeased the suspended 
sohds content Therefore, evaluatlon of the optmum coagulants, coagulant doses, and 
pH levels was based prunanly on observatlons of the amount and type of floc whch 
formed and the setthg rate 

4-4 
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~ ~~~~ ~~ ~ ~~~~ ~ 

Revlew of the data m Table B-1 mQcated that for all coagulants tested at hgh pH 
values, considerable precipitation occurred dunng pH adjustment This was probably 
due to the preapitahon of &solved metal cabons present m the untreated water, 
pmapally calaum and magnesium The objectwe of the tests was to use coagulants to 
remove suspended sohds, not to preapitate dmolved metals Therefore, the maximum 

pH used for the Round 2 and 3 tests was 10 A l m u m  sulfate Qd not produce a 
vlsible floc except at the hgh pH values As stated, th~s floc fomaoon was llkely due 
to preapitation of dissolved metals and so a l m u m  sulfate was deleted from testmg 
m Rounds 2 and 3 There appeared to be no benefit to usmg the hgher dosage of 25 
mg/L for the ron coagulants versus the 15 mg/L dosage The dosage of ron coagulants 
was h t e d  to 15 mg/L for Rounds 2 and 3 

4.1.3.2 Round 2 Testing 

The second round of testmg lncluded testmg of the ron coagulants retamed after the 
first round of tests The use of two polymer coagulant ads  was mcluded m the Round 
2 tests as well The objectives of the second round of tests was to further evaluate the 
coagulants and pH levels pnor to the final round of testmg whch was to mclude 
filtration tests as well 

The second round of testmg mcluded the followmg condibons 

e Coagulants - ferrous sulfate 
feme sulfate 
femc chlonde 

e Coagulant ads  (polymer) 
Nalco 8102 (catiomc) at 1 0  mg/L 
Nalco 8182 (shghtly momc) at 05  mg/L 
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e pH levels 
unadjusted (natural water pH) 
8 
10 

The coagulant dosages were mamtamed at 15 mg/L for the Round 2 tests 

The expenments were conducted usmg surface water collected from locaaon SW-59 on 
November 12 and 26, 1990 The llllhal charactenmaon of these waters has been 
discussed m Semon 3, and the results are presented 111 -bit A. A sample of the 
water collected on November 12 was taken on November 14 (sample number 
02CWC1001) for gross alpha and beta radoactiwty screemg, and results are presented 
m Table A-5 A sample was taken on November 20 (sample number 02CWClOO3) and 
analyzed for water quahty parameters, metals, volatde orgamc compounds, and 
radionuchdes The results are presented m Tables A-1 through A-4 A sample of the 
water collected on November 26 was taken on November 28 (03CWClOOS) and 
subnutted for analysis of water quahty parameters, metals, and radlonuchdes The 
results are presented in Tables A-1, A-2, and A-4, respectively 

Table C-1 m =bit C presents the results for the Round 2 tests The table mcludes 
data on the test condltions, TSS analyses, and m u d  observations of floc formation and 
settling rates The Round 2 tests were conducted on November 29 and 30, 1990 Inlet 
samples of the water before treatment were collected and analyzed for TSS on 
November 29 and 30 and the results reported were 7 mg/L and <5 mg/L, respectively 
Analysis for TSS was the only chemcal analysls conducted for the Round 2 jar tests 
consistent wth the TSP The laboratory data reports for the TSS analyses are mcluded 
m Volume III of ths  report 

4-6 
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The conclusions drawn from the Round 2 tests were p n m d y  based on wsual 
observations of the quantity and charactenstm of the suspended sohd floc whch formed 
and the rate of sohds setthg The low levels of TSS reported m the untreated water 
and the low levels measured m most of the jar tests made it difficult to base judgement 
of coagulant performance on these analyses 

Revlew of the data m Table C-1 mQcated that the ferrous sulfate coagulant produced 
no or very small floc that did not settle Ferrous sulfate was deleted from testmg m 
Round 3 There Qd not appear to be any advantage to usmg a pH level of 10 for any 
of the coagulants The pH levels for the Round 3 tests were h t e d  to natural 
unadjusted pH and a pH of 8 

The Nalco 8182 polymer coagulant a d  appeared to mprove mlTllmally the fernc 
chlonde performance but Qd not appear to mprove the performance of the femc 
sulfate Testmg of hgher dosages of Nalco 8102 was mcluded m the Round 3 tests 

4.1.3.3 Round 3 Testing 

The thud round of testmg mcluded testmg of the coagulants retamed after the first two 
rounds of tests The use of filtration through a sand column to mcrease the removal of 
suspended sohds was also mcluded m the Round 3 tests The water samples were 
chemcally analyzed for water quallty parameters and metals for the Round 3 tests 

The thud round of testmg mcluded the followmg conditions 

a Coagulants - none 
feme sulfate at 15 mg/L 
fernc chlonde at 15 mg/L 

22558lR7 4 Qs-18-?2iRPTn 4-7 
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8 Coagulant ads (polymer) 
Nalco 8102 (catiomc) at 1 0 and 2 0 mg/L 
Nalco 8182 (shghtly amom) at 0 5  mg/L 

8 pH levels 
unadjusted (natural water pH) 
8 

The expelvnents were conducted usmg surface water collected from locahon SW-59 on 
December 5, 1990 The mtial charactemahon of thu water has been &cussed m 
Section 3, and the results are presented m Exhibit A. A sample of ths water was taken 
on December 7, 1990 (04CWC1006) and submtted for analysis of water quahty 
parameters, volatlle orgamc compounds, metals, and radionuchdes The results are 
presented m Tables A-1 through A4 

Table C-1 m -bit C presents the results for the Round 3 tests The table mcludes 
data on the test condltions, TSS analyses, vlsual observahons of floc formahon and 
setthg rates, and filtration rates The Round 3 tests were conducted from December 
7 through 11, 1990 Inlet samples of the water before treatment were collected and 
analyzed for TSS on December 7 and 10, and the results reported were < 3  3 mg/L and 
3 7  mg/L, respemvely The samples collected dunng the Round 3 tests were also 
analyzed for water quahty parameters and metals, and these results are presented m 
Tables D-2 and 0-3, respectwely The laboratory data reports for the analyses are 
mcluded m Volumes III, IV, and V of thu report 

The suspended sohds levels 111 the surface water used for the Round 3 tests were very 
low There was no a m c a n t  Merence 111 the TSS values after filtrahon between the 
control sample (no coagulant addition or pH adjustment) and the other test samples 
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Remew of the data m Table D-2 mhcates that the water quahty parameters were s d a r  
for all samples 

Remew of the data on total metals content m Table D-3 mdicates that, wth the 
exception of ron, the metals whch were reported at elevated concentrabons (Ba, Ca, 
Mg, K, Na, Zn) did not e h b i t  sigolficant dflerences wth pH levels, coagulant addition, 
or before or after filtration The levels of Eon were m general hgher for samples which 
were dosed wth fernc chlonde or femc sulfate and the levels were reduced by filtration 
These results are as expected In many cases, the concentrabons reported for samples 
after coagulabon or coagulation and frltrabon were hgher than concentrabons reported 
for the untreated water for metals detected at low levels These data may be due to 
lmpunties present m the chemcals added or may be due to laboratory anomahes The 
heavy metals As, Cd, Cr, Ni, TI, and V were reported at levels sigolficantly greater than 
detection huts for only a few samples, and the values for the d e t  water samples pnor 
to coagulant addition or pH adjustment were m almost all cases below detection huts 
No sipficant conclusions can be drawn wth regard to removal of these metals by 
precipitation and filtration Remew of the data m Table D-3 mdicates that no sigolficant 
conclusions can be drawn regardmg reductions m the concentration of AI, Cu, Pb, or 
Mn 

4.2 GRANULAR ACTIVATED CARBON (GAC) TESTS 

4.2.1 objective 

The objective of these tests was to evaluate the use of GAC for the removal of volatde 
orgwc compounds from surface water at the Rocky Flats Plant The evaluation of 
removal of radionuchdes was also an objectwe m the TSP However, due to the low 
levels of radionuchdes present m the surface water collected dunng the test program, 
testmg for radionuchde removal was not conducted The tests were conducted m three 

22558iR14 05-1 d9uRpT/z 4-9 



EG&G ROCKY FLATS PLANT 
Frnal Bench Scale Treatabhty Study Report for OU2 Sechon Bench Test Program 

Effechve Date M a y a  1992 
orgamzatlon ERT 

page 10 of 15 

rounds The objectwe of the first round of testmg was to estabhsh VOC removal 
effiaenaes for a number of Merent types of GAC and to select the two most prormsmg 
types of GAC for further testmg The second round of testmg was mtended to estabhsh 
compound-speafic removal effiaenaes for the two types of GAC selected from the 
Round 1 tests The thnd round of testmg was mtended to determme breakthrough 
behawor for the two types of GAC The low levels of VOCs present m the surface 
water samples and the dlffidty encountered 111 o b t w g  adequate volumes of surface 
water forced some mo&cations to these objectives, as wdl be descnbed 

4 3 3  Test Method and Equipment 

The use of GAC for VOC removal was evaluated usmg fixed columns of GAC Five 
columns were operated m parallel for the first two rounds of testmg, and one column 
was used for the thxd round of testmg The glass columns were 1 mch m Qameter and 
were filled wth approxunately 1 foot of GAC for the first two rounds of testmg and 
approxunately 5 mches of GAC for the thrd round of testmg The surface water was 
fed to the columns usmg penstalbc pumps AU flow to the columns was downflow The 
suspended sohds content of the feed water was so low that no filtrabon was reqwed 
pnor to GAC columns 

The evaluation of performance for the first two rounds of testmg was based on the 
companson of orgamc compound analysis of a grab sample of the d e t  water and grab 
samples of water collected from the outlet of each column at the conclusion of the test 
run Mulbple grab samples were collected from the outlet of the test column for the 
thud run The performance data for Rounds 1 and 3 were based on percent redurnon 
m peak area usmg an on-site gas chromatograph (GC) for analysls of orgamc 
compounds The performance data for the Round 2 tests were based on compound- 
speclfic analysis of orgamc compounds at a commeraal laboratory The Round 2 tests 
also mcluded analysis for water quahty parameters 
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Detads of the test apparatus and procedure are @ e n  m the Treatabhty Study Work 
Plan, which is Appendm A of the TSP 

4.23 Test Runs 

Three rounds of testmg were conducted The Round 1 tests evaluated the removal 
effiaency of total VOCs for five Merent types of GAC The mtent was to select the 
two most promsmg types of GAC for further testmg However, the results obtamed did 
not provlde any basis for selecQon and so all five types of GAC were mcluded m the 
Round 2 tests The Round 2 tests evaluated the removal effiaenaes for mdivldual 
VOCs The results of the Round 2 tests did not provlde any basu for companson of the 
different types of GAC A smgle type of GAC was selected for the thud round of 
testmg The Round 3 tests evaluated the breakthrough behavlor based on the removal 
of total v o c s  

4.2.3.1 Round 1 Tests 

The first round of testmg mcluded evaluabon of the removal effiaencies of all five GAC 
speched m the TSP The objectwe of thls round was to screen the Merent types of 
GAC to select the two most promsmg for further evaluabon The five types of GAC 
tested were 

e 

e 

e Nont 4000 (12x40 mesh) 
e Yalama CYP (12x40 mesh) 

Calgon Fdtersorb 300 (12x40 mesh) 
Calgon Fdtersorb 400 (12x40 mesh) 
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e Yakuna C-C (12x40 mesh) 

The expenments were conducted usmg surface water collected from locabon SW-59 on 
November 6, 1990 The mbal charactenzation of ths water has been dmussed m 
SecQon 3 0, and the results of the analyses are presented m -bit A. A sample of this 
water was taken on November 13,1990 (sample number OlCWC1001) and submtted for 
analysis for water quahty parameters, metals, volatde orgmc compounds, and 
rabonuchdes The results are presented m Tables A-1 through A4 

The Round 1 tests were conducted usmg a GAC bed depth of approxunately 1 foot, a 
feed rate of 10 ml/rmn, and a run durabon of 4 hours, as speufied m the TSP An d e t  
water sample was collected at the start of the testlng and an outlet sample was collected 
from each of the five columns at the end of the test run. The evaluabon was based on 
reduction m total peak area usmg an on-site GC for analysls of the VOC content of the 
samples The peak areas were expressed as total orgamc compounds (TOC) cahbrated 
as 1,l-dichloroethene (1,l-DCE) 

' 

I 

I 

The results for the Round 1 tests are presented m -bit E The run parameters for 
the Round 1 tests are summanzed m Table E-1 The Round 1 tests were conducted on 
November 14, 1990 

The results for GC analysrs of the samples are presented m Table E-2 All of the GAC 
types tested removed 100 percent of the TOC m Round 1 Tlns can be attnbuted to the 
low levels of VOCs m the water and to the h t e d  volume of water (less than 20 bed 
volumes) treated There was no bass for selection of two GAC types for further testmg, 
so all five GAC types were retamed for the Round 2 tests 

225ssIR74 Ml8-52/RPT/2 4- 12 
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42.3.2 Round 2 Tes t@ 

The objective of the second round of testmg was to evaluate the removal effiaenaes of 
the five types of GAC for mdivldual volatde orgmc compounds Analysis of water 
quahty parameters was also mcluded m ths round of testmg 

The experunents were conducted usmg surface water collected from locaaon SW-59 on 
November 6, 1990 The mtIal charactenzatIon of ths  water has been dscussed m 
Section 3, and the results of the analyses are presented m -bit A. A sample of ths  
water was taken on November 13,1990 (sample number OlCWC1001) and subrmtted for 
analysis for water quallty parameters, metals, volatde orgazllc compounds, and 
radionuchdes The results are presented m Tables A-1 through A 4  

The Round 2 tests were conducted usmg a GAC bed depth of apprownately 1 foot, a 
feed rate of 30 d / m q  and a run duratron of 2 hours, as specified m the TSP An d e t  
water sample was collected at the start of the testmg, and an outlet sample was collected 
from each of the five columns at the end of the test run These samples were submtted 
to commercial laboratones for analysis of mdivldual VOCs and water quahty parameters 
The laboratory data reports for the water quallty analyses and VOC analyses are 
mcluded m Volumes III and VI, respectively, of thu report 

The results for the Round 2 tests are presented m -bit F The Round 2 tests were 
conducted on November 26, 1990 Table F-1 summarizes the test run parameters 

The results reported for the analysis for volatde orgmc compounds are presented m 
Table F-2 Revlew of the data m Table F-2 mdicates that all of the GAC types tested 
removed 100 percent of every volatile orgmc compound detected m the d e t  water 
Ttus can be attnbuted to the low levels of VOCs m the water and to the h t e d  volume 
of water (less than 24 bed volumes) treated The procedures for the Round 3 testmg 

ZZSS~IRI 4 05-1a-9?l~p~12 4- 13 
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were modlfied from the TSP m an attempt to acheve breakthrough A smgle type of 
GAC was selected for an extended run. 

The results reported for analysis of water quahty parameters for the Round 2 samples 
are presented m Table F-3 The suspended sohds content of the d e t  water was below 
the detemon hmt, and no changes occurred dunng flow through the GAC columns 
The pH mcreased after passmg through all of the GAC columns l k s  change m pH is 
common when water is contacted wth w p  GAC 

4.2.3.3 Round 3 Tests 

The objective of the t b d  round of testmg was to evaluate the breakthrough behawor 
of a GAC column m treatmg VOC-contammated surface water An extended run was 
conducted usmg a smgle column of GAC 

The expenments were conducted usmg surface water collected from locabon SW-59 on 
November 26, 1990 The mtial charactemfion of h s  water has been discussed m 
Section 3, and the results of the analyses are presented m -bit A. A sample of thls 
water was taken on November 27,1990 (sample number 03CWC1004) and submtted for 
analysis for volatile orgmc compounds The results are presented m Table A-3 

The Round 3 test was conducted usmg a GAC bed depth of approxunately 5 mches and 
a feed rate of 30 ml/m The bed depth was reduced from the 1 foot used m the 
Round 1 and 2 tests m order to mcrease the opportuIllty for breakthrough A sample 
of the d e t  water was collected pnor to startmg the test The flow of water through 
GAC was mtiated and allowed to contmue ovemght for a penod of approxunately 15 
hours before collection of the first outlet sample Additlonal outlet samples were 
collected at mtervals of approxunately 2 hours untd all of the avadable d e t  water had 
been processed The samples were analyzed usmg the on-site GC, and the results were e 
2USSlR7 4 05-1&92/IU'T/2 4- 14 
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evaluated based on reduction m total peak areas The peak areas were expressed as 
TOC cahbrated as 1,l-DCE 

The results for the Round 3 tests are presented m Table G-1 of -bit G The Round 
3 test was conducted on November 27 and 28, 1990 The results mQcate that the fmt 
effluent sample showed detectable amounts of TOC The TOC levels 111 subsequent 
samples showed a slow but steady mcrease untd the test was termmated when the 
avadable feed water was used up Th~s data mQcate that column breakthrough may 
have begun after 379 or fewer bed volumes had been processed However, the use of 
only a 5-mch bed depth may have produced premature mQcatlon of breakthrough due 
to the length of the mass transfer zone exceedmg the avadable bed depth 
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SUMMARY AND CONCLUSIONS 

Bench-scale treatabhty studes for OU2 surface waters have been completed These 
tests were done to prowde techcal  support to the Roclry Flats Plant Enwonmental 
Restoratlon Program 

Bench scale tests were performed on the followmg technologes 

e 

e 

Coagulation/preapitaQon/filtraQon for removal of suspended sohds 
GAC for removal of VOCs 

The ongnal test plan mcluded bench scale tests of several technologes for rernovmg 
radionuclides However, due to the unavadabhty of radionuchde contammated surface 
waters, these tests were not performed 

The coagulation/preapitaQon/filtration tests evaluated the followmg coagulants and 
coagulant mds 

e Alurmnum sulfate 
e Ferrous sulfate 
e Femc sulfate 
e Femc chlonde 
e Nalco 8102 (catiomc polymer) 

22558fR7 5 (u-I&9uRpT 5- 1 
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a Nalco 8182 (shghtly amomc polymer) 

The tests were conducted 111 three rounds The first two rounds mcluded sohd setthg 
alone whde the thnd round of tests mcluded filtraaon through sand columns followmg 
sohd settlmg The evaluation of suspended sohds removal was hampered by the low 
levels of total suspended sohds (at or shghtly above the detemon h u t )  present m the 
surface water used for the tests The evaluabon was pnmanly based on msual 
observations of the nature of the sohds floc whch formed and the setthg rates 

It was found that both the alurmnum sulfate and ferrous sulfate were not as effectwe as 
both fernc sulfate and chlonde Adjustment of pH by caustic did not unprove the 
results The Nalco 8182 marpally unproved fernc chlonde performance but did not 
appear to help the fernc sulfate 

The water used for the Round 3 tests was low m suspended sohds It was found that 
filtration wthout additives was equally effective compared to filtraaon for test runs 
mvolvmg addltion of coagulants Therefore, the use of &ect fdtration wthout additives 
dumg penods of low surface water suspended sohds concentrabons 1s probably feasible 

Five different types of GAC were evaluated for removal of VOCs Three rounds of tests 
usmg columns of GAC were conducted The evaluaaon of GAC performance was 
hampered by the low levels of VOCs 111 the surface water used for the tests and the 
h t e d  volumes of water that were treated The five GAC types tested ehbi ted 
identical performance d m g  the first two rounds of tests, removmg 100 percent of the 
VOCs present 111 the mlet water A smgle type of GAC, Calgon F 400, was tested 111 the 
thud round m an attempt to demonstrate breakthrough of VOCs dunng an extended 
run The resultmg data may mdlcate that breakthrough started after treatment of less 
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than 380 bed volumes of surface water However, the conditions used for the test do not 
allow defimte conclusions to be drawn regardmg breakthrough behawor 
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TABLE A-2 INITIAL SURFACE WATER CHARACTERIZATION FOR METALS 

Surface Water Collection Location swo59 swo59 SW059 SW059 
Surface Water Collection Date 1 1-06-90 1 1-1 2-90 1 1-1 2-90 12-05-90 

Sample Number 01 CWCl 001 02CWClOO3 03CWC1005 04CWC1006 

Analvtes 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

91 9 
e 4  
2 5  
190 

<1 
<3 

109000 
<6 
<4 
<3 

82 2 
e2 

30700 
32 8 
<o 2 
12 4 
792 
2 5  
c5 

45300 
< lo  
<3 

304 

41 6 
c24 
2 3  
245 
<1 
<3 

121 000 
<6 
e4 
<3 

98 8 
e 

33200 
18 3 
<o 2 

<6 
2390 

e2 
<5 

58000 
<lo 
3 1  
368 

38 3 
e 4  
c2 

209 
<1 
<3 

1 1600 
<6 
<4 

15 1 
e20 
3 0  

31 600 
15 3 
<o 2 

<6 
2050 

<3 
<5 

37300 
<lo 
<3 

31 8 

23 8 
<17 
5 3  
245 
<1 
<1 

140000 
<4 
c2 
4 3  

40 0 
2 6  

36200 
6 4  

<o 2 
<4 

1980 
<3 
c2 

46600 
<3 
<3 

328 



TABLE A-3 INITIAL SURFACE WATER CHARACTERIZATION FOR VOLATILE ORGANIC COMPOUNDS 

~~~ ~~ ~~ 

Surface Water Collection Location swo59 swo59 SWO59 swo59 
Surface Water Collection Date 1 1-06-90 11-12-90 11 -26-90 12-05-90 

Sample Number 01CWC1001 02CWC1003 03CWC1004 04CWCl006 

Analvtes 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
1,2-O~chloroethenes, total 
Chloroform 
1,2-0ichloroethane 
2-Butanone 
1,l 1 -Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2-Dichloropropane 
trans-l,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-TrichIoroethane 
Benzene 
ci.s-l,3-Dichloropropene 
2-Choroethyl Vinyl Ether 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-TetrachIoroethane 
Toluene 
Clorobenzene 
Et h ylbenzene 
Styrene 
Xylenes, total 

<10 
<1 0 
4 3  

<lo 
1 8  ' 

4 0 0  
d 
7 5  
4 4  ' 
1 20 
41 

d 
e1 00 

22 
230 
4 0  
4 
4 
4 

180 
4 
4 
<5 
4 

e10 
d 

4 0  
4 0  
140 
4 
4 
45 
d 
(5 

e5 

e1 0 
<lo 
e1 0 
<lo 
d 

c100 
d 
2 7  
3 7  
90 
31 
d 

4 0 0  
7 8  
59 

d O  
d 
d 
d 
32 
d 
d 
<5 
<5 
<lo 
d 

4 0  
4 0  
5 8  
d 
d 
d 
e5 
4 
d 

e1 0 
e10 

12 
<lo 
d 

4 0 0  
d 
5 5  
4 5  ' 
150 
33 
d 

4 0 0  
13 

180 
4 0  
4 
d 
d 

120 
d 
4 
d 
d 
<lo 
d 

4 0  
4 0  
100 
d 
d 
d 
4 
d 
d 

e1 0 
e1 0 
< lo 
<lo 
d 

4 0 0  
d 
d 
4 1  

96 
25 
d 

(1 00 
8 3  
92 

4 0  
d 
d 
d 
69 
d 
d 
d 
d 

<lo 
d 

4 0  
4 0  

27 
d 
d 
d 
d 
d 
d 

Detection below reporting limit, quantification may not be reliable 



I- 
U 

W 
I- 

U 
U 
I 
0 
U 
W 
I- 

: 
2 

s 
W 
0 
U 
U 

3 cn 
J 

a 

5 
k z 
7 
U 
W 
A 
m a I- 0 

r d d O d 0 0  

(3 (uooo  0 

A n 

c? c? 

m m m o m o o  

r n ~ O O O O O  



TABLE A-5 INITIAL SURFACE WATER CHARACTERIZATION FOR 
GROSS ALPHA AND BETA RADIOACTIVITY 

l Surface Water Collection Location SW059 SW053 

Sample Number 02cwc1001 02cwc1002 

Surface Water Collection Date 1 1-1 2-90 1 1-1 2-90 

I Analvtes Value 2 x sia (1) Valug 2 x sicl f l )  

Gross Beta PCllL 5 7  6 5  4 0  5 0  

(1) Two times the standard deviation for analysis 

I Gross Alpha PCI/L 18 7 7 2  4 2  3 7  
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TABLE E-2 ROUND 1 GRANULAR ACTIVATED CARBON 
FOR VOC REMOVAL 

SamDle DeSCrlDtlOn SamDle Number TOC as 11 DCE 
w 

Inlet Water 01 GAOlOOl 

Effluent Yakirna CYP 01 GAOlOO2 

Effluent Yakrrna C-C 01 GAOlOO3 

Effluent Calgon F 300 01 GAOlOO4 

Effluent Nortt HD 4000 01 GAOlOO5 

Effluent Calgon F 400 01 GAOlOO6 

407 4 

0 0  

0 0  

0 0  

0 0  

0 0  
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